
lixictdd Absttad of I’IO}OSUI l’apr~l for l’),wtltatio]l at t}m
AAS/AIAA  Ast]ociy]m]l,ics  S},ccialists  ~’(~r,fctc],c(,,  Au:. 1(,-19,  1993,  Vicloria,  lLC’.,  ~“atmclo

‘l”hc ‘I’OI’l[X\I’OSltl  I)ON satcllik is ]]iai]ltaitd ill a ]m]ly cilcula~, ftomtl o]l,il  (e = 0.()(KK)95,  0): 90”) at
all allitudc of L13M klil. atd atl itwlitmtiot~ of i : 66.04’, wl~ich }noviciw  atl exact  rqwai f,tould t! ack
mxv y 1 ?7 ]cvolutiolls  ( :: 9.9 days) alIci ow,t  flies  two altitldt y ~~clificati(l]l silts. (hl)it Illaitltmmlwc
IImtmuvus atc$ rcquitd 10 Wcovm  otl)ilal  ctrmy  dIIC to Cirafi  arid ~tould  tl,ack cirifl duc to lurli-soktl
~tavily, Satc]lilc  fixd forces,  W}lic}l tllay  iIICl LId CS olll~,asitif,  (IJ f~]cl Icakaf,e,  },l[dllcc  a corllitluol]s
tht ust orl l}IC ordcv of ]Ilicto  ncw(orls,  ard c(}rlstitutc  t}w larficst  utlccr Mitlty to ]Imnmvcv  cicsi~tl.
Malm]vc,l  tal~ctill~ sttakgies WV(I )dmi~tmcl itl fti~llt to ittcot}mate tlm cf(ec(s  of th is  uncxlrctcd
]wr Iulbatiorl.  ‘I”lwsc tlcw  tal~clitlfi  strate~ics al( curnmtly twirlfi usd to Clcsifitl ard ir[l})lmlrmlt $,lourd
ttack rrrailltc]larlce  rrlalwmws. 011 IeI m tots irtclmic  citctp, prdictiol~ uticet  tail~ty, ]l~a]mlvc]  mccutiol}
mtms, atd (:nl~it Ciclmrrlirlatiorl  ct]o]s. Niarwuwv  tal};clirlp, irlco]}mrales  a l l  of  t}lcsc OIIOIs. Sirlcc
acqtlilitlr, t h e  opcvatiotla] orl~it or[ SCj J1. 25, ]99?, the fi]ou]tcf t r a c k  }Ias beet)  trlaitltai]lccl
witll~l  : 0 .1  !,Lw. ard cr : f).30km. [)wt W% d the IIrorc tllatl  16(K) ]mial C]ossirlss  which occut  ] d
ciu]irlg  this tilrlc, haw twcvl withirl tlr(’ :11 kt]l rcfctc]tm t,atldwicitll,  WC]] cxccdirl~, ]Ilissiorl
l~quitcr]mrl(s. ‘“x ‘1’his ])a],m will cicsctil,c  our  sucmss at )rmitltaitlirlfi  the o}m[atiorlal  ~r(mrd ttdck.  “1’hc
]llairltcwmtwc of tlw F,rourd  t]ack al the asci,tltlitr~, tlodcs as WC1l as at t}lc vmificatiorl sites Will lm
discuswd sq.m]atcly  ill SO]IW dciail. Matm]vcvs  wl~ich haw’  km ]w] fomd will be Ctiscl]ssd,  iri tm l]is
of tllc  tarfic~till~, stratc~~y uscci atld  the successes tlwrcof. SUCCMWS  allfd f,aill]lc~s of tllc ],lalt]d tat};c~titl~
stt,llq,i(~s  will lw cxat Ilitd, [111 cl rilociificatio]ls  10 tllr ]Ilarwuvm  tatf,c[itl~,  sllatcgics wllicll  have’ brml
Clcvclo]d a]d it]l],letncmtcci sitlcc  laurlcll  w~ill lx ciesctild.

lN’J’1<O1)[l(’’I’  ION”

‘I’ol’IX/l’OSl; llX)N” was lautwllcd I)y iiII Arial~c 4 ? 1 ’  ()]t AII[;US[ 10, 199? wi[ll injm(ioli  occutli]t~  a{
?3:?7:05 U’J’C’, a})proxi]natc]  y 19 ]tlitt , 57 sw aflc] lifi off, Its fipal is to cic[cr]]litlc occa]t sut face lwifill{ to
a]] accutacy  of  13 Cr]i. (30)  utilizilt~ a Cw]lll)irta(i(,r] of  sa((>llite  altilrl(>try d a t a  arlcf })rwision  o]l)it
cklu tnilmti(nl. ‘1’lw lnissi(m }nofilc  is ol~,alliwcl  iltlo tlte f(}llowill~  }Jltascs: aswsslwtll,  ini[ial vet ificatiolt,
OIWV  vatioltal, and CXtCIICICCf (Jlm(vva[ional  [(’al lisl(l 1991 ]. ASscSS~ricn[  involvd  an i]itcltse }WI i(d O f
saiel]itc~  }mlfot rnallcc asscssrn(qlt and calil]ra(iolt, stvIsol iltitializ,atioll, altd ac(lllisiti(m of tlw opcva[i(mal
O]l)it. S i x  Itmnmlvcl-s wmc perfot Iiwci ctlII in?, the assw+]n(v]t p}mw to acqlliw  {Iw opela{iolia]  (nl)it.
‘1’lI(xw IIialwuv(’ls laisccf al~cf citclllaliwd  tlw ojl]it,  r(’ltmv(d inclination c]to~s ilidllcd by tlw launch
vcl]iclc, ald syltcliroliind  tltc p,tound tfack witlr tll(’ ]cfmcvw  fy id and two V(V ificatioll Sit(’s Illllat 1993].
‘1’lw initial vmificatior~ ~dtasc iltvolves smsor calit)latioli wit]) i)hsilu ctaia at tltc vcrificatio~t  sites ald tlw
ass(wlmvll  of ~,e(q)]tysical lxrlalnete~s tlltou~,ll [Iifjlt  da[a analysis, %jtcllitc  trackill~ allct lasct )an~ill~
data ale Ilsd to p(v folln }m’cisiolt orl)it d(’lulrrination altd t IIIIC tlt(’ ~1 avity field and Otlwr folce ltwctcls
Ilsd dll]illfi 111(’ tmnaild(’]  of tltc lt~issimt. Wllil(’ this vu ificatio]t }Ilocess will contil]llc  lllrollfjlrmt  tllc
ltlissioli, tlw initial vu ificalio]} plocess  cs[al)lishd lltc Imspli]te fo~ accu~trtc data proccssi]lp,. ‘1’l~is  six-
lno]ltll IOlic }dlas(,  lw~an with tlw acquisition of tllc opualional  orl]it ald lnadc a srn(mtll ttirnsition irlto
[lIc olwcI vatiotlal })liasc. Orl)it ltlail}lcllaltcc  activi(ics  lq,an with initial Vctification pllasc altcl will
Colttil]llc tlu{nl~,l~(m~ the missi(~lt.

“  ‘1’lw wolk Cicsclit,c(i irl {Ilis pa},cr w a s  ca])iui OI]L t,y the Jet  IJr(,}mlsio]l  I<al,oratoty,  (“alifottlia ltlstitlllc of
‘i’cchtlolosy,  u]lcict ?i cmiltact wit]l  tile  Natiorml  Am(jtla~]tics atd S]Jace AdtTlitiistl/ttiotl.

‘x Mmlilxv Tm}lt,ical  Staff, Mcmllwr AAS, h4cv111m Al AA.
4 McII,I,(v ‘i’w]]r,ic,tl Staff.

~ ‘] ’(.c],],ical h4al\a~,e,r,  “I’C)]’]\X/I’C)S],iI)  C)N  Navi~,ati(,]i  “1’earl,, M(t,tl~ct AlAA,

‘“y All lCSUIIS arlcl statistics quotd  throtl~}lollt  tllc cxtctlci(~ci  al,stract atc cffccti\,c  1 Id, 1993, at]ci }vi]l lW u]datd  to
itlclucit’ data as ]marly  as }xwsil}lr t}noufill  t]w film] rlmtl[lscti]d  sul)t]lissiori  data.



‘J’lIc’ obsctvational  phase Coincides wi(ll tlw satellite desi~li lifc[ilnc  of tlllm ywrr-s and the cxtmcid
olwcl Valiol)al IJiasc all adciitiojlal two years. ‘1’lw lJrimal y ac(ivilies  ciu? ili~ tlIc 01)s0 vatio]tal phase are
tlI(’ p] ociuctim  ald Ciistlibution  of scim~tific tiata ald the ll-lainttvia]lcc of the sak’llite in a state that allows
tlIc ciala 10 mml  all lnission objcc(ivm. Sciell(ific data is ctistl ibutd in tlw form of (;mpl~ysical  I>aia
IWorcis  ((;1 )1<) containil]fi sca sllrfacc  li(’ifillt, scllsor  corrcc(ions,  and ~cwphysical i n f o r m a t i o n .  ‘1”0
facilil{i[c this lnission, tlic satellite is llmintaincci in a ncally  cilcu]ar, front I orl)i t (c =- 0.()()()()95,  m == 90’) at
~li altituclc of ==1336 Ion. ad all inclination of i = 66,04”. “1’his  orl)it provides an exact repeat gyound ttack
evu  y 127 rvvol~ltions  ( = 9.9 days) and ovu flim two altitneto  vmification sites: a NASA site off tlw coast
of ]’oilit (olq~tiol~, (’California (Iatitudc 34,46910 N, lon~itucle 1?().68()81” W), and a CINII’S  site liear th
islal]cis of 1  ,ampionc  and llalll~miusa ill llIC Mditcvlaneali Sca (latitude  35.54649” N, lori~itude
12.32054 ‘l;).

‘1’lw ‘J’ol’lt X/l’OSI[ll” X)N opmatimal  orl)i[ is Sivcm l~y Illllat 1993]  and was acquird or] S[q)t. ?5, 199?.
‘1’his opmational {l~bi{  was defirwct to piociuce a cl oumi ti ack wl~ich repeats cwtvy 127 orl)its and OWI flies
both VCI ification s,ites in tlw alwmcc of ])or)-~ia~~itatio])al”  pcr(utl)ations lVinccmt 1990A]. An orbil with an
maid rqwal  fitound {tack is ol)tairw{i I)y sc]cctinp, tlw orl)ilal elemmts  o, i, ad f,> so that IIIC sub-satellite
~,ro~lnd track rc]wals with the ciesird ft cq~lm~cy and car [h trace density [IG] lmlwt~  CI. al. 1969]. ‘1’lw
o] i~ilml rdcrmcc o] bit was ctcsi~nd  lVilwmt 19901J] usinfi a 17x17 stllwt of tllc C; II M-’I’2 ~Iavity field
lMalsh Q( al. 19891. %)cc it was late) dctmmilw(i that a 20X?()  subsd  of GI!M-’1’3  11 ,CICI1 et. al. 1992]  was
tlw lninilnllm field size sufficicvlt for orbit dctm Ininatiol) wit]) tlw requird accuracy, tlw wfercnce  ml)it
was  tuned p] ior [0 laul~cll. ‘1’hc tiajcclo? y ~,cllmation rndllle of tllc ]1’1. ciollblr precisio]l trajm(or y
systcln (1 JI’’J”J{AJ)I  was usd to tune tlw osc~llatin~  elonmits  of the rcfcrencc  orbit. IJI’’I’J<A] utilizes a
})~pdiclor-corlcct(~r” intefilator  with alliomatic  stpp sim contto]  lS~)ier, 1971; l)l)’J’RAJ, 1971]. ‘1’his
lill]nm ical in(c~r atol is also llsd for opclatiorla]  t] ajec[ory  ~mcvation  ar~ci has tho c a p a b i l i t y  of
illcorporatinz  all rclcwant pm (llrl~ill~, .sotlices incllldills  l;art}l ot)latenms, luni-so]ar fyavi Iy, at mosphm ic
Cirafi, so]al )adiatiorl pressure, solid car[ll ticim, ]x)laT r)wtio]l, prwxssiwi,  and nutation.

1)

?)

3)

Maintmlancc of tl~(~ opmational orl)i[ so that at least 95% of ali cq{latoria]  crossincs  at
each orbit node arc contailid witl~in a 2 kln lol~~i{udc band.
Maintolallcc  of tlw opvatiollal  o~l)il ciu? inc the il~itial vm ification phases so tlla( it
ovcrfiics  ciesi~,l~a{cct locatim~s at two VN i(icatioli sitw witllill :11 kln on at least 95% of
tlw plaltnd over flifjl[s.

Maintail) tl)e cccmt]i city c < 0 , 0 0 1 . ‘I”llis rwqllirmnent is  auto] l-laticall~r  rnel I)y.
utilization d tlw flcwcn ohit, wllicll is ]Iot pcr sc a mission requimncntc

.
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in additiol~ to the abmw mission requilcvncvlts, malwuvas  lnay not under ally conditimis cmnpromisc
satellite health and safety. ‘J’llis leads to additional restrictions  on tile tilning of maneuvers  and the
srqilmcc of events rcquild fm mancwver ill~}~lc’lllcl)tatioll, ‘1’lw primary rcstrictimls  arc duc to tlmlnal,
powm, and Mtcllit[’ attitude control constraints and capal)ilitics

MANINJVIIX  ll)liSl(;N

in no] Jna] mission mode, tlw attitude detm Inination and colltlol systmn maintains the satellite in a stable
attittlcic about all ihrm axes while kccpinc  the Y-axis pointd alon~ tlw local nadil. NcaT continuous y?w
stecrins  about the local nadir and solar panel ]JitcllinS arc utilind to maintain tlIc Ciomilialit ?8m2 solar
pane] pointd toward the sun for power opt imi y<a t ion. ‘1’he sc)lar allay is continuo~lsly pitchl, with an
offset from the tr uc SIII) line !0 control the battery rhargin?, rate. ‘1 ‘his cent ml st ra te~y rcqui rm the wmkl y
loadinc  of satellite cphmm’id(’s  into the onhard Cwnpu tcr (OIK).  7 ‘his Cpllmncris  load consists of a 42-
l(wn l:olllier  power series cxpansim  of each of tlw six Cartesian state vector coln]xments,  fit for a IO-day
S}-Ial], and Imicil]als at 1() minute intervals for tllc fiTst 30 houTs of tlw load. ‘1 ‘he OIK rccovcrs  this
Icpllcmcl is by cvaluatinc  the lknlricr series at folll Cons(’clltivc ~,rid points, adclint, residuals if available,
land pcrfot min~ a four-point 1 lcrmitc  polynolnial into polation. ‘1’his state vector is tlwn usd to define
t h e  d~’sird  at(itldd~, ~~})r~ssod as a tar~~t  qlldk’]”llioll. ‘1’lw attitude is maintained by nul]infi  tlw
{diffm mcc Iwtwccli tlw actual, as lncastltd by tlw inm lial rc’fmcncc unit, aTd tlw tar~,et quatcvllions usinp,
rcac(ion whds.
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1 ) Suspend nominal attitude conlt 01 and yaw skwring.
2) Slew {I-ICI satdlile  h tliC’ bias at(i[udc wllicll accounts for tlw cants of the thrusters and

the dcsird thrus( clireclim~s,
3) ]br lar{~c maneuvers (rcquirinc  the 2?-N’I’ thrusters), rotate {he solar array 10 a 900 O]

?70” pitcl) position as stop solal iirl ay ]JitcllinS.

4) l;xecuh~ the AV.
5) Return t}lc solar array to sun pointinc.

6) Unwild  the a([itude.

7) Rdum at t i[udc cent to] !0 norlilal )ili ssion mock’.

C; ’l’Al{C;, which utilizes a mean elcmm(  propa~atm includinc  all pm[urbalims  that cause si~nificanl
variations in the satellite ground track, is used for maneuver targetinc  [Shapiro & Bhat 19931. ‘1’wo
tar~cling strategies arc utilizd: (1) Tnaximiza tion of tlw t inw brt wccvl lilancll vms (ktl$ifUdC fargdin:); or
(2) presektkm  of the Illinimmn iiiw interval Mwm IIlalmlvm (Iim fnrgcfh~). ‘1”11(’ llmm clcl~~el~t
propa~~(im  inchdcs the effects of Ilarth renal harmonics throu@ .lZg, Iuni-sdar  gravity, ald dra~. AII
olbital avcrafy  to Jacchia-l<obcrts  model is used to dctmlninr  atlnospheric  dmsity.  Solar flux (1’?0,7) ad
fywmafywtic parameter (Kp) predictions arc based on the daily S11S( 3-day and wddy 27-clay outlook.
‘1 ‘h lalmt outlooks are combined with olxmvcd  data to gcmcratc a lner~cd ?7-da y data set. Missing data
are detcrmind by linear interpolation. ‘1’lw solar flux is then extrapolated by rcpcatinc  the nwr$d data
s(’1 as required for (ILC prdictioli s p a n . ‘1’1)(’ 81 -day cmtcvd avera~e jlo,~ is calculatd from the
cxtrapolatd values of F1 0, 7 . ‘1’he ~,mlnap,nctic  data arc twtlapolatd at a cmmtant value equal to the
avma~c  Kl, over the first 27 days. A variable mean arm model is used to ckw’rminc the avcrafy’ dra~ area
ovm an orbi (. IV[ancuvcrs are modeled impulsively. l[rlor  models  incorporate the effects  of drafi
prdiclion unccrlainty,  orbit dckwnination  errors, and mancwver execution errors.

———...



UNI’l{lil Il<:l’lil> Al ONG-”1’RACK SA’l”lil ,I,lrl’ii-IOXIill 11’ORCI1

MOIIIII’lCA’I’10NS  ‘1”0 MANIWVIU<  ‘1’AR(;ITJ’lNG SI’RA’i’liC;Y

};arlier analysis IBhat, }:raucmholzj and Cannel], 1989] imdicatcd tltat density estimation errors would
sttmzly dominate the giounci track prdic[ioli  at all times cxccpt durins  the lowest period of solar flux
(1’’, ().-, = ‘lo). As SllCh, a Silnpk’ l(m?,itlldc tarf,c’tinfi  strategy incorporatin~ th(’  fl %% a n t i c i p a t e d  errors

(1 .6453) in all error sour cm should be usd. ‘]’his  stratesy biases the (ar~dcd ground ttack e a s t w a r d  so
that the 95% envcllopc is made just tanfywl to tlw western d~c of the control bad.

C; ’l’Al<C; was mod ifid to incorporate the alone-track satd litc- fixed force via a table look-up mocid. ‘1’he
table consists of a list of daily da/df values. ‘1 “hc mror model was correspond infj y mod if id. Starling
from (11c equation (1?) of ll(raucmhol~ ad Shapiro 1991] dAA/&/ E 3aret/2a, whcr’c Al is the Sroud
track, ad inttod~lcins a bomt of & once per orbit for N orl)its, then after a timr f = N)’,

(1)

Naively incorporating the error mdd of eq. (1) into lon~itudc tar~etin~ lcacis to extremely conservative
maneuver clcsi~ll. An example is shown in fi~ 2, which preforms simple longitude tar~din~  for orbit
maintmance  maneuvrr  2 (0MM2), w h i c h  occurrd on I)CC 21, 199?. l~i~. 2  comparm  the err-or
contributions CIUC to uncertainties ili density prcdictirm alms-track  fo~ccs. ‘I”he 1<SS mvclopc  incluclcs tlIc
contributions  of other error sources which are not shown [Bhat, Fraumhdz, ad Canmll,  1989]. ‘l’he
simp]c ]ongitude  tarficting  strate~y produced a AV = ?.6 JNIn/src. Ilsill& 0 = 1.7 cm/day  for ’  the
uncertainty it] the akm~-frack sa[ellilc-fixed  ~orcc, ad mmit]al  mission error budgets for all other
parameters. “1’hc large contribution  of cq. (1) to the total error budget strongly ctominates the targeting
aflcr approximate] y 50 da ys. ‘1 ‘he srou d track bc~im its final t wk east ward at approximate] y day 60 ad
leaves the control ‘bawd some ?() days later; yet it is the colltinud quadratic incrcasc  of the error Cllvclope
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An additional complication to targeting is in(rortuccct by the periods of fixed ya w, I )uring these pcriocts,
the magnitude of the ahvfg-irack  sfllcllife-fixed j’orce  is much lar~er than clurinfi  the yaw steering period.
1+’urthermorp, the direction of the force is ddcvmind by the placement of the ya w-flip, which nominally
occurs at F’ = 0. l“br OM M?, the mag]li t uctc of the force could not be prdictccl in advance, because the
orbital ~umwtry was om which had not yet tmw cvqmimccd  cturinfi the mission.

m)
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l;igurc 2
~’argctd  Ground 3 ‘rack ad l{rror }{nvelope for OM M2.

I I [

UrKXI tainty duc 10 Along-2rmk
Salcllile  Fi.wd l“orcfs
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‘1’hc moctificd Jacchia-Robcr[s  density prediction alfyrithms  as dcv+cribd in ll’raumholzt & Shapiro 1991 ]
requires the prd ictim of solar and gmmafywtic  data 40 days into the futuw in order to calculate the
presmt  dmsi[y.  ‘1’ar~c4ing requires prdic[cct  densities for periods m the order of 100 to ?00 days into the
fut ~lrc. ‘1’wo schmms for Ccmmatcct cxtemtd outlooks were compard in tlw earlier work. C)ur  succcss
at accurately prdictin~ orbital ctfmsity will be discussed in terms of its relation to maneuver tarfyNing

GRolJNll ‘J’J{,4CK MAIN”J’JiNANCI{
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lclcalizd Ground. ~lrack

l~l~oril~g  all~>cr(llrl>atic>l~s  witl~ tl~eexce~>tic}l~  ofacc)l~stal~t ctragform,amt ~>(lrtllrl>il~gthecxact  repeat
orbit by a velocity im’cmmt AV, the ground track has been shown IBhat, Fraumholz,  and Camcll 1989]
to follow the paraLmlic path as shown in fig. 3a. While there are large period ic pert urbat icms m the
~round track due to luni-so]ar Sravity, with the cxcepticm of pericds  of extremely low solar activity, the
crouncf track is stroncly  dmninatcd by drag. “1’hc rrlevant equations will be summarized  in the paper.

II) fi~. 3a the Xroumi track is cmstraincvd  to remail] within a control band defined longitudinally by limits
All: and Alw . ‘1’he initial mamwvm is performed at the castcm  edge of the contro] band and is targeted
so that the parabola is just tangent to, but does not cross, the western edge of the control band. A
subscqumt maneuver is pc’rformcd after time 7’n, aX. ‘I’he probability that a node falls within an
infini tmimal swath of width dAL at AA is proport imal  to the time spent within the infinitesimal swath at
AA. 7 ‘he probabili [.y dcmsit y function will be shown in the paper to be given by

/’(A2 )dA;i =  -
1

--- dAA (?)
2.~(AAf;  - Alwr )(AA - AAW )

‘1 ‘hus the node distribution will be lwavil y skewed towards the western side of the control band, with a
reran value one third of t}w way into the band. lkm the idcalimd ‘1’01’IIX/l’C)S}{l  I JON ~round t rack, 21: = 1
km. and 2W: -1 km. The corrmponding  dmsity  fu nc(ion is shc)wn in fig. 3b. ‘l’he true nodal distribution
after multiple malmwvcrs will be more complex than the simp]c form given in equation  (2). ‘1’his is
bccau sc maneuvers will not always occur prmiscl y at AAI:, the ground track will not always turn around
precisely at AAW, ad the ground track will deviate from the simple parabolic shape of fi~ 3 due to luni-
so]ar and satellite-fixed forcrs.

];igurc 3.
Stat ist ical distribution of ground track: (a) idealized ground track Smmet  ry; (b) probability y density

I I I

] -().8 .().6 -().4 .().2 () (),2 ().4 ().6 ().8 ~
Ground ‘Ifack AL Km.

(b)(a)
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.Qb$crvml  Gromcl  I’rack

‘l’l]crJ’O1’l{X/l’C)SIllI~ON satcllitcgroumi  track sil~ccci~tc’ril~ gtl~eol~scrvatio~~ alc~rl>it will twdiscusscdin
this section. Pig. 4 shows the ground track as m~asurcci at the ncdal crossings, amd fig. 5 shows the
statistical distribution of the nodes. IXwiatims  from the ideal  Xroumi track of fig. 3 arc primarily duc to
the variability of the drag force due to solar and ~cwmagtwtic  activity, luni-solar gravity, central body
Cravitatimal  harmonics, and bocly-fixed forces. Othcr higher order perturbations, such as solar radiation
pressure, thermal gradients ad satellite outgasi]l~ may also have an cffccl  . “l’he paper will explain the
rcasonin~ for performing mamwvcrs  at the ti mcs shown, rather than at the ideal t imcs 7’n,@X,  aml will
discuss why the ground track deviates from the ideal theory of fig. 3.

l;igurc 4
‘1 ‘OI’llX/l’C)SI! IIX)N ground track. ‘1’lw vertical grid lines corrcspmcl  to cycle boundaries.
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l:igure 5
Statistical distrilmtim  of node crossing longitudes.
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‘1 ‘Im clo.scst approach x of the ground track [o tlm vcrificat ion si[c will be shown in the paper to satisfy
x; 0. 72AA T 0.87d,  whmc d is the lm~~itudinal  miss clistamc,  measured at the site, and AA is the
lon~ituciina] miss measured at the equator. ‘flus main taininfl the ground track at the mdcs cmsmcs that
the rcquircmcnt  at the verification si tcs is also met. II) fact, the ground track will be maintained nearly
30% more tightly at the sites than at the nodes. }ilrthermore,  the lm~itudinal  offset at the si tc cxcccds  the
distance of closmt approach by approximate] y 13%. Addi timal complications arc introduced if there is a
inclination error, ‘which will be discwsscd in the paper. ‘l’he longitudinal offsets of the Srouml track at the
verification sites is shc)wn in fig. 6. ‘l’his will bc discussed in light of the carlim analysis.

l~igurc 6
‘1’01’l!X/lQS}!ll  10N Ground ‘l’rack at the VcIrificat ion Sites: (a) NASA; (b) CNES. 2’lw longit udinal offset

as measured at the vcrificatim  sight is shown.
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Since attaining tlm operational orbi [, the ground track has been main taimd with p = 0.15 km and c== 0.30
km. Ovcr 97% of the mm than 1600 mda]  crossings which occurred during this time have been within
the ~ 1 km refcrmcc bandwidth. ‘1 ‘he succcss  of mcwt ing mission rcquircmcmts using the methods we
have developed aml implcmcmtcd will be summarized. A simple longitude  targeting strategy
incorporating the ~ 95% anticipated errors as a window  on the predictml pmt-mancwvcr grm]ncl  track,
was designed prior to launch. “l’his strategy was evaluated in orbit, and had to be modified to incorporate
the cffccls  of an II mxpected  satellite-fixed alml~-track force. While new stratc~ics  have bum dcvclopcd
and successfully used in-orbit, the primary open qucstim that remains is how well these strategies will
work in the extremely low solar-activity rc~imc of the approaching solar minimum. I\arlier  analysis
indicated that a heavier reliance m a t imc-targeting strategy would be mcmsary.  Whether the earlier
cmclusiom arc still valici,  or need to be reexamined in light c)f the effect of the satellite-fixcct along-track
force is a subject fcw furlhm analysis.
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